Several media are available for determination of bacterial urease activity (Rustigian and Stuart, 1941; Ferguson and Hook, 1943; Christensen, 1946; Schneider and Gunderson, 1946) . In each case, either the whole medium is sterilized by filtration or filter-sterilized urea is added to an autoclaved base. A urease test medium in which the urea and other components were sterilized together by autoclaving was described by Tidwell, Heather, and Merkle (1955) . Identical results were reported with this medium and with the 1 Present address: Communicable Disease Center, U. S. Public Health Service, Atlanta, Ga. filter-sterilized medium devised by Rustigian and Stuart (1941) for demonstration of urease activity of Proteus species. Since only nine strains of Proteus, not identified by species, were used in the comparison of Tidwell et al. (1955) , further study of the two media was undertaken with over 40 strains of Proteus.
MATERIALS AND METHODS
The composition of the two media was as previously described (Rustigian and Stuart, 1941; Tidwell et al., 1955) . Chemically pure urea, anhydrous Sorensen grade KH2PO4 and Na2HPO4, analytical reagent NaH2PO4 H20, Difco yeast extract, and phenol red (Baltimore Biological Laboratories, Inc.) were used throughout. The filtered medium was sterilized by Seitz filtration and tubed aseptically in 3-ml amounts. Before filtration, the pH was 6.7 to 6.8 determined by pH meter. This was unchanged by filtering, except occasionally for the first few ml passing through the filter pad. The autoclaved medium was tubed in 3-ml amounts and sterilized for 15 min at 15 lb pressure. At the end of the sterilizing period, the pressure was released as rapidly as possible without wetting plugs and the tubes cooled by immersion in water. The pH of the medium (approximately 4.5) rose to 6.7 to 6.8 as a result of autoclaving as previously reported (Tidwell et al., 1955) . Either overautoclaving or failure to cool the tubes in water resulted in greater increases in pH. For certain experiments, appropriate amounts of 1 % yeast extract sterilized by Seitz filtration were added aseptically to the remainder of the components autoclaved as usual.
All bacteria used were from the stock culture collection maintained at Brown University. Each culture was transferred two or three times at 24-hr intervals just prior to any given experiment. Varying amounts of bacterial suspensions, prepared by adding 3 ml of sterile saline to nutrient agar slants (18 to 24 hr), were used as inocula for the tests. The actual amounts will be specified with individual experiments. Inocula of this type were employed to enable uniform seeding of the media being compared. Tests were incubated in air at 35 C and read 8, 12, 24, and 48 hr after inoculation. Reactions were recorded as positive when the pH reached 8.1 (Stuart, Van Stratum, and Rustigian, 1945) . Phenol red standards were used to establish pH.
RESULTS
WVhen inocula consisting of 0.1 ml of the prepared suspensions were used, positive re- Further experiments were carried out with Proteus in which the size of the inoculum was varied. The following amounts of the prepared suspensions were used as inocula: (i) one loopful, using a 2-mm inside diam loop; (ii) 0.01 ml delivered from 0.2-ml pipettes; and (iii) 0.1 ml delivered from 1.0-ml pipettes.
Again, the filtered medium was superior to the autoclaved medium (Table 2) . Most of the tests with P. vulgaris, P. mirabilis, and P. rettgeri in the filtered medium were positive 24 hr after inoculation with the loop and 0.01-ml amounts. All these tests became positive within 48 hr. In (Table 3) .
With the small inocula, there was a slight tendency with some species for either more or faster positive reactions in the autoclaved base with filtered yeast extract compared with the complete autoclaved medium. However, the improvement due to addition of the filtered yeast was not great, and many tests in both autoclaved media failed to become positive in 48 hr. Some of these negative tests showed no visible growth by this time. In contrast, reactions in the complete filtered medium were mostly positive in 24 hr (48 hr for P. morganii) in confirmation of previous observations as to its superiority with small inocula (Table 2) . With the 0.1-ml inocula, on the other hand, addition of the filtered yeast extract to the autoclaved basal medium gave results more nearly approaching those obtained with the complete filtered medium For P. vulgaris, P. mirabilis, and P. rettgeri, positive tests were observed earlier than in the complete autoclaved medium. At 24 hr after inoculation, almost as many tests with these species were positive in the autoclaved medium with filtered yeast as in the complete filtered medium. However, it must be pointed out that the data with 0.1-ml inocula (Table 3) and those with loo1) and 0.01 ml inocula in Table 3 were obtained at different times. Positive reactions occurred earlier in the complete filtered medium with these particular 0.1-ml inocula than with previous inocula of this size, as can be seen bv comparing these results with those in Tables 1 and 2 . The reasons for the more rapid positive reactions are not known. It is possible, however, that the apparent beneficial effect for the 0.1 ml-inocula of adding filtered yeast extract to the autoclaved basal medium mav have been enhanced in these circumstances. With P. morganii, although positive reactions with the 0.1-ml inocula also appeared to be accelerated compared with previous experiments, the three types of media gave essentially the same results.
I)ISCUSSION
Under the conditions of the present experiments, urease reactions of Proteus species differed in the autoclaved medium of Tidwell et al. (1955) compared with the filtered medium of Rustigian and Stuart (1941) . The differences observed between the two media varied with the size of the inocula used in the tests. When the 0.1-ml inocula were employed, positive reactions of P. vulgaris, P. mirabilis, and P. rettgeri were consistently slowier in the autoclav-ed than in the filtered medium. With P. morganii, reactions were similar in the two media. As a result, the distinction seen in the filtered medium between the first three species and P. morganii, where the latter characteristically gives slower positive reactions (Rustigian and Stuart, 1941) , was partly lost in the autoclaved medium. However, since most of the tests in the autoclaved medium were positive within 48 hr with the 0.1-ml inocula, the medium could probably be used for identification of the genus Proteus if large inocula were employed. Experience w ith large numbers of Proteus cultures isolated from X-irradiated mice has confirmed this conclusion (Hatch, 1958 No complete explanation for the differences observed between the filtered and autoclaved media is possible on the basis of the data presented here. However, from the experiments in which Seitz-filtered yeast extract was added to autoclaved basal medium, some suggestions may be made concerning the reasons for the poorer results with the autoclaved medium. The hypothesis, that destruction of growth-promoting substances in the yeast extract during autoclaving is involved, receives some support from the data. In agreement with this proposition is the fact that the 0.1-ml inocula of all species except P. morganii appeared to give faster positive reactions when filtered yeast was added, although firm conclusions cannot be made because of the generally faster reactions in these particular experiments. The slight tendency, with the small inocula, for either more or faster reactions in the autoclaved base with filtered yeast would also support this hypothesis. However, growth rate and total population studies would be necessary to determine whether autoclaving actually destroys growth-promoting substances in the veast extract. Other possible effects to consider would be destruction of factors affecting the production or activity of urease. On the other hand, since many tests with the small inocula of all four species failed either to become positive or to show visible growth despite addition of filtered yeast, changes other than destruction of materials in the yeast extract apparently also adversely affect reactions in the autoclaved medium. It is suggested that autoclaving may produce conditions which are toxic or inhibitory for growth of the various Proteus species. Presumably, in the case of the 0.1 ml-inocula, the inhibitory effect was overcome by the larger number of organisms present. Further experiments would again be necessary to determine the validity of these suggestions.
